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MOTIVATION

THE SPIN STRUCTURE OF THE NUCLEON

longitudinally polarized nucleon

iz%AZ+Lq+ +Lg

2
\/
I \,_/

Jg Jg

STATUS:

- VALENCE- AND SEAQUARK CONTRIBUTION (AY)
APPROXIMATELY 30 %

- GLUON CONTRIBUTION (A(') POSITIVE
(— NLO QCD Firs, HERMES)

X.J1, 1997: THE SECOND MOMENT OF THE UNPOLA-
RIZED GPD’S IS RELATED TO J,.
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Iy =y [ dwali(e.6, 67 = 0) + B(a,6, 47 = O)
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(GENERALIZED PARTON DISTRIBUTIONS

GPDs:

(GENERALIZED THEORETICAL DESCRIPTION

OF INCLUSIVE AND (HARD) EXCLUSIVE PROCESSES.

wide angle
Compton
scattering

deeply virtual
Compton
scattering _:

timelike
Compton
scattering

exclusive
meson
production

GPDs — “usuarL” PD’s

orbital
angular
momentum

deep inelastic
scattering
PDFs

GPDs — FF’s

H(x,0,0) = q(x)

~

H(x,0,0) = Aq(x)

(— M. VANDERHAEGHEN)
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GPDs anD DVCS

SIMPLEST HARD EXCLUSIVE PROCESS:
DEEPLY-VIRTUAL ELECTROPRODUCTION OF
REAL PHOTONS.

= DEEPLY-VIRTUAL COMPTON SCATTERING
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VARIABLES:

e MOMENTUM FRACTIONS ON THE LIGHTCONE & AND &
e 7" — v MOMENTUM TRANSFER A? = (p} — p,)* = —t

REAL AND IMAGINARY PARTS OF THE DVCS-
AMPLITUDES CAN BE EXPRESSED IN TERMS OF THE
GPDs H, H, E, E.
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DEEPLY-VIRTUAL COMPTON SCATTERING

DVCS FINAL STATE e +p — €' +p' + 7
IS INDISTINGUISHABLE FROM THE BETHE-HEITLER
Process (BH)

DVCS CROSS SECTION SMALLER THAN BH CROSS

SECTION
e €
\VD/<

— AMPLITUDES ADD COHERENTLY

BH PROCESS CALCULABLE IN QED WITH THE
KNOWLEDGE OF THE PROTON FORM FACTORS

PHOTON-PRODUCTION CROSS SECTION:

2
do x |TDVCS + TBH‘

2 2
= |Tpves!” + 1sul” + (MHves™su + TBHTDVES)
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CHARGE AND SPIN ASYMMETRY

I o< %(cd + Z[cécos(n(b) + st sin(ne)])

y

IMAGINARY PART OF THE INTERFERENCE-TERM
CAN BE ACCESSED VIA BEAM-SPIN ASYMMETRY
USING POLARIZED BEAM AND UNPOLARIZED TARGET:

d0(€+p) —do(e"p) ~ sin(¢,) x Im (TpycsTpy)

REAL PART OF THE INTERFERENCE-TERM CAN BE
ACCESSED VIA LEPTON CHARGE ASYMMETRY USING
UNPOLARIZED BEAM AND TARGET:

do(ep) — do(e™p) ~ cos(o,) x Re (TpyegTan)
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THE HERMES-SPECTROMETER

y— FIELD CLAMPS —\ TRIGGER HODOSCOPE H1
EARUOONNT DRIFT CHAMBERS - 270mrad
HODO P _ l70mrad- -~ "
Py PRESHOWER (H2)  _ — - mumm -
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e ELECTRON/POSITRON IDENTIFICATION
VIA TRD, PRESHOWER, CALORIMETER
= HADRON CONTAMINATION OF THE
LEPTON-SAMPLE < 1%

e MOMENTUM RECONSTRUCTION VIA TRACKING
CHAMBERS = RESOLUTION =~ 1.5%

e IDENTIFY PHOTON VIA PRESHOWER AND TRACK-
LESS CLUSTER IN CALORIMETER

¢ ENERGY RECONSTRUCTION VIA CALORIMETER
= ABOUT 5% FOR DVCS PHOTONS (= 13 GeV)

Frank Ellinghaus, BNL, September 2002
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DATA SELECTION

e SELECT EVENTS WITH EXACTLY ONE DIS-
POSITRON/DIS-ELECTRON AND ONE TRACKLESS
CLUSTER IN THE CALORIMETER

e STANDARD DATA-QUALITY AND DIS CuTs

* Q2 >1 GeV?
* W2 >4 GeV?
* v <23 GeV

>k

e PHOTON SELECTION:

* 2 (15) <0+, <70 mrad
NEW (OLD) PHOTON POSITION RECONSTRUCTI-
ON AGORITHM

* SIGNAL IN PRESHOWER
*k

FEW THOUSAND/HUNDRED EVENTS IN THE “EXCLU-
SIVE” BIN IN THE CASE OF BEAM—SPIN/BEAM—
CHARGE ASYMMETRY.

Frank Ellinghaus, BNL, September 2002
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EXCcLUSIVE REACTION?
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EXCLUSIVE REACTION:
M; = (q+p—py) =M,

MISSING MASS (M,) RESOLUTION =
0.8 GeV (— CALORIMETER)

= NO SEPARATION BETWEEN EXCLUSIVE
AND ASSOCIATED DVCS

= “EXCLUSIVE” BIN (-1.5 < M, < 1.7 GeV)
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BEAM—SPIN ASYMMETRY

BEAM-SPIN ASYMMETRY (BSA) A;(¢) :
BeEaMm poL. (L), TARGET UNPOL. (U

)
1 N7(¢) - N (¢)
=

ALU(¢)_<|Pb\>N+(¢)—|— ()
508 |
< i e'p-eyX (M<L17GeV)

0.6 HERMES PREL. 2000 (refined)

04 L —— P1+P2sin @+ P3sin 2¢

0.2 |

o |
-0.2 —
-04 —

i P1=-0.04 + 0.02 (stat)
-0.6 P2 =-0.18 + 0.03 (stat)
P3 = 0.00 £ 0.03 (stat)

08 |
[ <-t>=0.18 GeV?, <xg>=0.12, <Q*> = 2.5 GeV?

IN THE EXCLUSIVE BIN (-1.5 < M, < 1.7 GeV)
A,y EXHIBITS THE EXPECTED sin(¢) DEPENDENCE.

(REsuLTs FROM 1996/97 — PRL 87, 182001 (2001))

Frank Ellinghaus, BNL, September 2002
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sin(¢)-MOMENT

NT+N~
g 2§ sin(oy
LU _
Nt+N- & (R)
s 0.3
=3 .
< oo F e'p-eyX
HERMES PRELIMINARY 2000
0.1 | (refined analysis)
01 | +
0.2 | + +
03 | +
04 |
05 AT |w <17 cev = -0-18 £ 0.03 (stat) £ 0.03 (sys)
F <t >=0.18 GeV?, <xz> = 0.12, <Q? = 2.5 GeV?
_06 Lo v b e b e b e b b b by

= sin(¢)-MOMENTS SMALL AT HIGHER MISSING
MASS.
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BEAM—CHARGE ASYMMETRY

I o %(cd + Z[cfloos(ngb) + Asisin(ne)])

= USE “HELICITY BALANCED” SAMPLE TO GET RID
OF sin(¢)-DEPENDENCE IN THE NUMERATOR.

s 0.6
< [ e*p ~ e'yX (M<17GeV)
0.4 r ® HERMES PRELIMINARY
o — P1+P2cos ¢
0.2
0 -
-0.2
-04 P1 =-0.05 + 0.03 (stat)
P2 = 0.11 £ 0.04 (stat)
_06 V“l““l““l““l““l‘“‘l““l“

BEAM-CHARGE ASYMMETRY A~(¢) :

_ N*(9) — N—(¢)
N (9) + N~ (9)

Ac(o)

IN THE EXCLUSIVE BIN (-1.5 < M, < 1.7 GeV)
A EXHIBITS THE EXPECTED c0s(¢)-DEPENDENCE.

Frank Ellinghaus, BNL, September 2002
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cos(¢)—-MOMENT

27 dot 27 do~
Jeoso _ Jo dqbcosqdeqb_ 0 dqbcosqbg—q5
o=

27 dot 27 do—
fo dgb do fO d do
s 04
4 + +
8{0 e p - eyX
0.3 [ ® HERMES PRELIMINARY
0.2
01 [t e * +
! ¢
0 ¢ ) ¢
0.1
AL® Iy, <17 cev = 0.11 + 0.04 (stat) + 0.03 (sys)
-0.2
v s b s b s ey b by by
1 0 1 2

(HEP-EX /0207029)

<Q?*>=28CGeV? <z >=0.12, < —t >= 0.27 GeV?

= c0s(¢)-MOMENTS SMALL AT HIGHER MISSING
MASS.

’{‘ Frank Ellinghaus, BNL, September 2002
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THE “D-TERM”

{-INDEPENDENT PART CAN BE PARAMETRIZED BY:

H(z,€) = H p(,€) + D-Term
E%(2,€) = Efyp(x,€) — D-Term

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII_

<< 0.2
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e HERMES preliminary

o
lllllllllllllllllllllllllllll_
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3 2 -1 0 1 2 3
¢ (rad)

GPD-MODEL CALCULATION FOR HERMES KINE-
MATICS (M. VANDERHAEGHEN, HEP-PH/0207176)

= DATA SEEM TO FAVOUR PARAMETRIZATION
WITH D-TERM CONTRIBUTION.

Frank Ellinghaus, BNL, September 2002
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...OR NOT THE “D-TERM” ?
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COMPLETE TWIST-3 CALCULATION FOR HERMES
KINEMATICS (BELITSKY, MULLER, HEP-PH/0206306)

= DATA SEEM TO FAVOUR PARAMETRIZATION
WITHOUT D-TERM CONTRIBUTION.

OTHER MODELS (E.G. A. FREUND ET AL., HEP-
PH/0208160) DESCRIBE AVAILABLE DATA AS WELL.

= MORE (PRECISE) DATA NEEDED TO CONSTRAIN
MODELS.

Frank Ellinghaus, BNL, September 2002
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DVCS oN NUCLEI

MEASUREMENT OF DVCS ON DEUTERIUM AND
NEON.

o4 b HERMES PRELIMINARY fifj;

— Neon

©
w
T

----- Hydrogen

[ e Deuterium
025

0.15 F
0.1 F
0.05 % M, <1.7 GeV

0 L T T | S PR |

-04-02 0 02 04 06 08 1 12 14
-t (GeV?)

DVCS ON DEUTERON EXPECTED TO BE SLIGHTLY
SMALLER THAN ON PROTON

M?/@Q? CORRECTIONS ARE NOT UNDER CONTROL
(KIRCHNER, MULLER, HEP-PH/0202279 AND CANO, PIRE,
HEP-PH/0206215)

NO PROJECTIONS FOR DVCS ON (HEAVIER) NUCLEIL.

Frank Ellinghaus, BNL, September 2002
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DVCS onN NucLEr (BSA)
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DVCS oN NUCLEI (sin(¢)-MOMENT)
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SUMMARY

REAL AND IMAGINARY PART OF THE DVCS-
AMPLITUDES CAN BE EXPRESSED IN TERMS OF
THE GPDS AND ACCESSED THROUGH THE DV CS-
BH INTERFERENCE.

MEASUREMENT OF THE BEAM—SPIN ASYMMETRY
AT HERMES (PRL 87, 182001 (2001)) CONFIRMED
WITH 2000 DATA, PRELIMINARY VALUE:

AP ? (HYDROGEN): 0.18 + 0.03(stat) = 0.03(sys)

FIRST MEASUREMENT OF THE BEAM-CHARGE
ASYMMETRY (HEP-EX/0207029), PRELIMINARY VA-
LUE:

AS®? (HYDROGEN): 0.11 + 0.04(stat) + 0.03(sys)

FIRST MEASUREMENT OF THE BEAM—-SPIN
ASYMMETRY ON NEON AND DEUTERIUM, PRELI-
MINARY VALUES:

AR (NEON): 0.22 4 0.03(stat) = 0.03(sys)

AP ? (DEUTERIUM): 0.15 + 0.03(stat) £ 0.03(sys)

Frank Ellinghaus, BNL, September 2002
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OUTLOOK

e SHORT TERM:

— TARGET SPIN ASYMMETRY ON DEUTERIUM

— KINEMATICAL DEPENDENCES OF THE BEAM-
SPIN ASYMMETRIES (H,D NE)

— APPLYING NEW METHOD OF PHOTON POSITION
RECONSTRUCTION TO e~ DATA-SET:
= GAIN 70-90% EVENTS

+ UPDATE BEAM CHARGE ASYMMETRY ON
HYDROGEN

+ BEAM CHARGE ASYMMETRY ON DEUTERIUM

e LONG TERM UPGRADE:

— LARGE-ACCEPTANCE RECOIL DETECTOR FOR
HERMES (— D. HascH):
* ENSURE THE EXCLUSIVITY OF MEASURED
EVENTS
* JMPROVE RESOLUTION IN ¢

Frank Ellinghaus, BNL, September 2002
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